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The purpose of this study was to develop a process to develop a
multi-material paperboard based laminate carton and membrane.
This includes replacing the existing
paperboard-polyethylene-foil-
polyethylene structure used in the Foldcan. The new structure must
meet the current barrier requirement without contaminating the
pulp and finished paperboard. Standard requirements of
repulp-
ablility for recycled paperboard mills must aslo be met.
Research has been conducted to identify all current materials.
Potential replacement material for traditional, commonly laminated
materials as well as newly developed materials have been studied. A
possible new paperboard based lamination which could be easily
separated and recycled by all recycled paperboard mills may be
successful!.
The research concluded that two development paths would be
followed. The first path using a material made of flexible glass.
This new material is the best candidate for barrier materials but
will not be commercially available in the U.S.A. until 1 994. The
second path using a material made with metallization. This stucture
will prove other aspects of a lamination including bond, sealability
and machineability. Ultimately the metilization will be replaced
with flexible glass.
As environmental laws focus more on closed loop recycling as a
process to reduce packaging waste, used packaging components will
be required to be remanufactured into new packaging components.
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1.1 STATEMENT OF THE PROBLEM
The purpose of this research is to identify and evaluate current and
potential laminated paperboard barrier structures for the Foldcan, a
photographic package, that are easily separated and recycled by recycled
paperboard mills.
1.2 SUBPROBLEMS
The first subproblem is to identify what, if any, materials in the current
Foldcan will not separate easily at recycled paperboard mills. This will be
done by researching the aseptic package (juicebox) because it is the most
widely used multi-material laminated packaging structure using the same
materials as the Foldcan structure (fig 1 ).
The second subproblem is to determine if the aseptic beverage package
structure will separate easily at recycled paperboard mills.
The third subproblem is to determine what barrier materials and
structures can be easily separated at recycled paperboard mills.
The fourth subproblem is to determine what is the best barrier structure
that will separate easily at the paperboard mills and provides a minimum
WVTR barrier equivalent to today's Foldcan and will not photocontaminate.
The fifth subproblem is to confirm that the selected structure will run on























The first objective to research whether the current Foldcan structure and
the current aseptic beverage package structure do not easily separate in the
hydrapulper at recycled paperboard mills.
The second objective is research materials for a new structure and
determines if it is technically feasible to developed one to meet recycled
paperboard
mills'
requirements for separation of materials, while providing
an acceptable level of product protection and manufacturability.
1.4 DELIMITATIONS
The study will exclude the collection of the package component.
The study will exclude other means of disposal including incineration,
degradability and remanufacture into other composites. The study will
exclude "Life Cycle
Analysis"
of paperboard and laminations. The study will
exclude a review of implementation costs associated with a change in
structure. The study will exclude the environmental debate over the use of
UV coatings used in printing.
1.5 Rssumptions
The first assumption is that a paperboard laminated barrier structure is
easily separated and accepted by recycled paperboard mills without
requiring special handling or processing.
The second assumption is that this new foldcan structure will meet
domestic and international environmental requirements.
The third assumption is that this new foldcan structure will not cause






1.6 DEFINITIONS OF TERMS
Argon - A colorless odorless gas found in the air and in volcanic gases, and
used as a filler for electric light bulbs and electronic tubes.
Aseptic Beverage Container - Multi-material laminated paperboard package.
Also referred to as juice box, drink box, triplex
and by the trade names: tetra pak and tetra brik.
- The electron-emitting electrode of an electron tube.
- Transparent film made of regenerated cellulose.
- Closed loop recycling.
- A vessel of a refractory material (porcelain) used
for melting a substance that requires a high degree of
heat.
- A process of adhearing particals of one material onto
another.
- Duales System Deutschland, Germany's packaging law
requiring manufacturers to take back packaging. Also
known as the "Green Dot".
- Glassy barriers made of a mix of silicon oxide and
silicon dioxide.
- Multi-material paperboard-based folding carton with
the addition of skiving, top and bottom membrane seals
to provide a package with the WVTR barrier of a can.
-Constitution of various materials blended in the stock
suspension that the paperboard plies are made.
- A super-calendered, smooth, semi-transparent paper







Metallization - The process of treating or combining with metal.
Mocon - Modern Control's equipment which performs WVTR.
Nanometer - One billionth of a meter.
Photocontamination - Material reaction with emulsions which can cause a
color shift or fogging of the film negative.
Pulverulent - Made of, or crumbling to fine powder or dust.
Retort - A vessel in which substances are treated by heat.
Sputtering - To dislodge atoms from the surface of a material by
collision with high energy particles.
Tetrahydrofuran - A flammable liquid derived from furan, used as a
solvent and as an intermediate in the production of Nylon.
Ultra violet coatings - UV curing process for coatings causing them to cure.
1.7 HBBREUIRTIONS
APC - Aseptic Packaging Council
BOPP - Biaxially Oriented Polypropylene
CONEG - Coalition of North East Governors
CPD - Chemical Plasma Deposition
DGXI - Environmental Directorate General of the European Commission
DLK - Double Lined Kraft clippings
EB - Electron Beam
EVA - Ethylene Vinyl Acetate
FPA - Flexible Packaging Association
LDPE - Low Density Polyethylene
MILS - Milliliters
OCC - Old Corrugated Containers
PET - Polyethylene Terephthalate
PCW - Post Consumer Waste
PVDC - Polyvinylidene Chloride
SiO - (SiOi , Si02 and SiOx) Flexible Glass
SQ - Seal Quality
UV - Ultra Violet
WVTR - Water Vapor Transmission Rate
1.8 IMPORTRNCE OF THE STUDY
Based on information describing: a) Recycled paperboard
mills'
process
requirements b) environmental legislation restricting aseptic packaging
c) capabilities of the laminators, and d) comparative WVTR, seal quality,
photocontamination, and package performance testing. This study will
recommend a change in structure that would allow the Foldcan package to be
recycled with other recyclable folding cartons.
This study will also show that multiple component carton/barrier
systems are not a requirement to meet folding carton recycling needs.
1.9 OBJECTIUE
The objective of this study is to develop a process for the development of
a laminated paperboard structure for Polaroid's integral instant film
products which will meet worldwide environmental and economic goals of
recyclability and repulpability. The study will define materials for
potential structures that could meet these goals, and describe the problems
associated with collecting, sorting and repulping mixed-material laminated
paperboard. Pilot runs of candidate structures as well as individual
materials will be evaluated for repulpability, machineability and barrier
properties for product protection. Results of these tests will provide a
recommendation for a new structure that can be collected and repulped with
non-laminated paperboard folding cartons that can be used in the




2.1 ENUIRONMENTAL MOUEMENT AND PACKAGING IN THE
199B's
2.1.1 PACKAGING OUEAUIEUJ Most converted packaging
components are eventually disposed of in a landfill because they are
either not easily recyclable or because special recycling facilities
are needed and not readily available in every community. These
converted materials combine two or more dissimilar materials, that
are recyclable separately before combining, but are not easily
recyclable by common reprocessing after combining. The presence
of plastics, hot melt or wax in the furnish causes many quality
problems. The result is that landfills contain millions of tons of
converted paper, plastic and aluminum foil laminates because there
is no viable alternative. 1
Growing demands on the packaging industry to find alternatives
to filling landfills with multi-material packaging are coming from
governments, environmentalists and consumers as landfills are
decreasing in number and are raising disposal costs. The challenge
to the packaging industry is to recycle packaging materials at the
same rate as corrugated containers.
2 One option is Circular
recycling which is in its infancy. However, social, political and
8
economic forces will drive it to become the standard. Alliances
among packaging material suppliers, converters and
converters'
customers are growing in the area of recycling and reprocessing.
The packaging industry has two choices: 1 ) React to pressure and be
led or 2) Be proactive by planning ahead and leading the way for
others. 1
2.1.2 SOUACE AEDUCTION The Flexible Packaging Association's
(FPA) Slogan is "less waste in the first
place"
which boasts
flexibles as the next best thing to doing without packaging.
Flexibles are often thought of as source reduction vehicles rather
than recycling participants. This is evidence in the CONEG version of
the multiple-option bill that exempts flexible packaging up to 10
mils from having to comply with any of the options. The FPA
explains the source reduction of flexibles as replacements of
common packages with multi-material laminates. Examples include:
1 ) Replacing metal coffee cans with a vacuum pack that provides a
reduction of 70% in weight and 55% in volume
2) Switching from using aglass bottle to aseptic drink box which
equals 96% weight an 90% volume reduction.
Eventually the addition of recycled content in the laminations will
be an additional benefit.
This type of environmental packaging through source reduction is
gaining increased attacks when the original package is collectable
and recyclable on a larger scale but lower cost than the newer
packaging. This is most evident in Maine's continuing battle over the
aseptic package. As multiple-option bills begin to pass, the
responsibility to comply will fall to the packaging users rather than
the converters that will then push for changes back to the
converters. 3
2.1.3 EC LEGISLATION The Environment Directorate General of
the European Commission (DGXI) is drafting a ruling covering a wide
range packaging spectrum. The intent is to reduce the amount of
packaging waste and to encourage reuse and recycling. The two key
issues suggested by the commission to be included in the Packaging
Waste Directive, are the standstill principle, which would limit
output per capita of packaging waste, and a principle of
recovery/recycling. ]
With increased environmental awareness among consumers and
the absence of European measures, several countries have introduced
environmental legislation on their own. Germany's May 1 991
recycling law is one of the most dramatic attempts to reduce
packaging waste found in municipal waste. The law outlines the
following:
- From December 1991, manufactures and distributors must take
back and recycle all transportation packaging.
- From April 1 992, outer product packaging may be left at the point-
of-sale.
10
- From January 1 993, all packaging will have to be taken back by the
retailer. Paper and paperboard materials must be collected at a rate
of 30% with 60% separated.
- From July 1 995, 80% must be collected with 80% separated.
To implement the law, the German packaging industry established
the DUAL System (or better known as green dot) for the separate
collection of packaging waste.
2.1 .4 USA LEGISLATION One of the nation's largest battles over a
multi-option recycling bill was fought in Massachusetts in 1992
against the recycling initiative. The bill put on the ballot, required
that by 1 996, all packaging used in MA. would have to:
1 ) be reduced in size by 25% every 5 years or
2) be designed to be reusable at least 5 times, with at least 50% of
such packaging actually being reused or
3) be recycled at a 50% rate or
4) be composed of 25% or more of recycled materials, increasing to
35% on 7/1/99 and 50% on 7/1/02 or
5) be composed of materials being recycled at an annual rate of 25%
increasing to 35% in 1999 and 50% in 2002.
These requirements would apply to any packaging or containers used
to protect, store, handle, transport, display or sell products. 4
11
The groups in support of the measure argue that the law would
build sorely lacking markets for recycled materials and lessen the
use of throwaway packaging. Opponents argue that it would force
costly revamping of packages and snarl companies in red tape The
result might be a banning of the sale of hundreds of products and a
threat to thousands of local jobs. Recycling and collection
programs would not be created as a result ]
The widespread
"multiple-option"
type of packaging bill is
expected to be proposed repeatedly by state legislators. New York is
planning hearings on a bill patterned after the Massachusetts
initiative defeated in November 1992.
Senator Max Baucus, D-Montana, is working on national recycling
legislation that would include minimum recycled content levels,
minimum standards for recovering waste and a waste utilization tax
that would decline as recycling content would increase. Also
tougher requirements for federal procurement of recycled products
would be required. Senator
Baucus'
national bill is patterned after
the German take-back-type law that requires recyclable, recycled,
reusable or reduced packaging.
3 The Clinton administration has not
yet endorsed this measure but is on the record as favoring recycling
legislation.
12
In the meantime, pending state legislation continues to mount
attemps to redefine the word recyclable and to promote packaging
that will be recycled. Examples from June, 1993 include:
1) California redefined
"recyclable"
as being capable of being
recycled by recovery from the waste stream for use as a raw
material in the manufacture of a product or package.
2) Delaware established a statewide policy of voluntary beverage
container recycling by instituting mandatory deposits for
containers made of materials not recovered and recycled under the
program.
3) Hawaii created the Beverage Container Deposit Act requiring use
of returnable beverage containers and deposits.
4) Illinois created the Container Fee and Deposit Act and imposed a
refundable advance disposal fee on container not recycled at a
minimum rate of 50%.
5) Maine amended the state's ban on composite beverage containers
to clarify that only those containers that are not lightweight and
cannot be recycled through commercially available technological
processes are banned; to promote packaging efficiency.
6) New York created the Environmentally Sound Packaging Act that
requires packaging to be reusable or recyclable, and created the
13
Packaging Review Board to recommend regulations to ban packaging
materials that are deemed a threat to the environment. 5
2.1.5 ENDNOTES
1
Bezigian, Thomas, "Landfill Alternatives That
Work,"
Converting Magazine February 1 993:
2 Stipp, David, "Initiative on Recycling Stirs Heavy
Opposition,"
The Wall Street Journal October 27, 1 992: B1 .
3 "Revered and Reviled, Plastics Continue Environmental
Battle,"
Packaging Digest (1 993): 20-22.
4 "Question Three: Law Proposed by Initiative
Petition,"
Massachusetts Publication on Voter Ballot Questions (1992): 6,7.
5 "Baucus' Draft Recycling Bill may Mirror RCRA
Provisions,"
Environmental Packaging 2,. No.1 (1993): 1-10.
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2.2 AECVCLABILITV OF PAPERBORRD BRSED PRCKRGING
2.2.1 RECVCLING The United States Office of Technology
Assessment states that paper and paperboard accounts for 34% of
landfill space. This is spurring recycling as a vital component of the
paper industry's growth, over 30% of all paper and paperboard
consumed in the U.S.A. is collected and used as raw material to make
recycled products. This number is expected to increase to 40% by
1 995. Paper accounts for approximately 80% of all post consumer
material recovered for recycling.1
Currently, there isn't any generally recognized test method for
determining the recyclability of paper products. Individual paper
mills have their own tests to meet the needs of their mills, so one
mills test may not be acceptable to others
2
The quality of recycled paper and paperboard depends on the
quality of the waste paper available to the recycling mill. The most
frequently found contaminants are water insoluble adhesives,
plastic film, plastic foam, rubber bands, metals, glass, asphalt,
string and carbon paper. Plastic coated, laminated and wet-strength
paper also cause production problems. These materials which do not
break down and are separated at the repulping process. Inks are
precipitated out and waxes are dispersed, then other contaminants
are removed by using filters and centrifuges.
15
The sources of recycled fiber are categorized in the Papers Stock
and Standards Guide from the Institute of Paper Recycling that lists
a total of 84 grades including 33 specialty grades that contain the
presence of wet strength materials, polycoatings, plastic, foil,
carbon paper, hot melt glue. These are listed for those mills that
have specific processes to remove these materials and are able to
use large quantities of these grades. 3
Of the 51 non-special grades, the most popular sources for
manufacture of recycled paperboard are:
1) Old Corrugated Cartons (OCC) that are the largest collected
source at 60% nationally. 4 (fig. 2)
2) High Grade Waste Paper represents several categories from bags,
envelopes, business forms, computer paper to cuttings from these
materials. Industrial scrap from folding carton fabrication is a
highly desirable source of recycled fiber because of its long fiber
length and minimized exposure to contaminates. " (fig. 3)
3) Mixed Paper includes both post and pre-consumer office and
industrial waste paper, collected at 14%.
4
4) Double-lined Kraft clippings (DLK) Industrial waste from the
production of corrugated containers and other similar manufacturers






5) Newspaper is the major source of post-consumer material
collected from the American home at approximately 33%.
1
Currently, other forms of paper packaging purchased at the retail
level do not make their way back into the waste stream. There are
some pilot programs that have begun collecting cereal and cake
boxes (with liners removed). The programs are small because: 1)
there isn't a mandate to require paperboard collection and recycling
and 2) the recycled mills are fearful of other waste being collected
which may contaminate the fiber. This requires educating the home
owner to understand and separate what paperboard packages are
recyclable and those that are not. 5
2.2.2 HVDRHPULPING Hydrapulping is the process of repulping
paper structures by grinding the material in water heated to 1
40
F
in a beater or hydrapulper (fig. 4) to separate the paper fibers from
their original structure while removing most non-paper materials by
mechanical action that forms a fiber and water slurry (fig. 5). As
the pulp moves through the process, metals are removed from the
Hydrapulper by means of a magnetized wire (fig. 6) before moving on
to the cyclone cleaner that removes heavy materials like adhesives,
clay, rubber, etc. (fig. 7) through the bottom. Light material like
tape and EPS (fig. 8) are removed from the top. Additional screening
of the pulp slurry is done in stages prior to thickening the pulp for
processing into new paperboard by passing it through
a series of screens and centrifugal cleaners to remove non-fibrous



























































































After paper is fully repulped and screened, it is formed into paper or
paperboard by using either a Cylinder, Fourdrinier -| or a hybrid of the
two systems (Inverform, Ultraform and Belbond) that use a headbox
with a cylinder. This processing method dries the fiber from 80%
water to 20% water before passing into the pressing and drying
stages. Final drying is done by using a series of steam heated dryers
where moisture content is typically reduced to less than 5%. The
paper is then clay-coated before being wound into rolls or made into
sheets. 3
2.2.3 HVDRHPULPING OF THE ASEPTIC PACKAGE Adding
contaminants like polyethylene, and aluminum to the hydrapulping
process creates new problems. To remove polyethylene the
temperature of the hydrapulper must be between 38 and 49 degrees
Centigrade. If it is too high, the polyethylene becomes soft and slips
through the screen. If it is too low it becomes brittle, breaks and
becomes difficult to remove from the pulp. The aluminum is brittle
and difficult to remove from the pulp at any temperature. This is
because the aluminum breaks up into pieces, large ones clog the
screen in the hydrapulper and the small pieces get through the
process and contaminate the paper pulp. This
"contaminated"
board
could not be used in any packaging operation that uses X-rays to
check for particulate contamination of product. To segregate
finished material for specific end-use would not be economically
viable.
22
The paper pulp yield from aseptic packaging is approximately
40%, which must be run alone, compared with multi-material
laminates that do not contain foil that yield 75%. The loss of pulp is
a result of the continued
"beating"




1 Institute of Packaging Professionals (loPP), Handbook for
Environmentally Responsible Packaging in the Electronics Industry.
1992).
2 Holt, Larry, "Water-based Coatings Pass Recycling
Test,"
Paperboard Packaging November 1 990: 30
- 33.
3 "Tour of Waldorf Recycled board Mills in Battlecreek, ML. and
St.Paul
MN."
with Tom Trosky Mgr. Incoming Paper Materials and Mark
Shapton (BattlecreeK), 1 992 .
4 Bezigian, Thomas, "Landfill Alternatives That
Work,"
Converting Magazine February 1993.
5 Healy, Nancy, Super Cycle Inc., Meeting and tour of St. Paul
recycling facility., 1 992.
6 "What Price the Drink
box?,"
Wastelines 2.3 (1 991 ): 3.
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2.3 ASEPTIC PACKAGE
2.3.1 ASEPTIC PACKAGE STRUCTURE The aseptic containers are
made from multiple layers of paper, plastic and aluminum foil, (fig.
1 0). Many of these multimaterial containers are for single serving
drink boxes but other similar structures include packages for frozen
foods and milk cartons that are made with plastic coated
paperboard. 1
2.3.2 RSEPTIC PRCKRGE SALES In 1 989, the aseptic package
structure won a food industry award as the most significant
food-
service innovation of the past 50 years.1 In the U.S.A., sales in
1 983 were 0.5 billion units. By 1 990 sales had increased to 2.5
billion units. 2 Tetra Pak (Germany) had unit sales of 6.0 billion
cartons, including exports, in 1990 and anticipated sales in 1991
were to increase to 6.5 billion units. 3 Tetra Pak (USA) Inc. of
Shelton, Conn, and Combibloc (U.S.A.) Inc. of Columbus, Ohio supply
virtually all of the 3.0 billion drink boxes Americans buy each year.
2.3.3 ASEPTIC PACKAGE ADUANTAGES There are many
advantages to using the aseptic package. According to Warren Tyler,
CEO Combibloc, a few of these include:
The aseptic package saves energy versus competing throw
always. A study, commissioned by the APC, showed that beverages
supplied in recycled glass bottles verses the juiceboxes with the
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the consumer, even when the box is discarded after use. The reason
for this is because of the energy required to remelt the glass.
4
Use of aseptic package cuts solid waste tonnage by displacing
heavier containers. The Aseptic Packaging Council illustrated that
the package added minimally to solid-waste at a rate less than .03%
to the total solid-waste stream. 2
The aseptic package provides consumer conveniences including
unbreakablility. is sized for handy packing (single serving).
prevention of spoilage without refrigeration
1 and improved
retention of nutrients. 2
2.5.4 AECVCLABILITV OF THE ASEPTIC PACKAGE At issue is
the ongoing debate over what makes something recyclable:
1 ) The technical ability to reprocess a material, is the Aseptic
Packaging Council (APC) argument.
2) The ability to economically collect and remanufacture a
material into a useful secondary material, is the
environmentalist argument. This ability requires that the
different components must be separated and this makes drink
box recycling expensive.
5
To prove these points, the APC has set up pilot recycling programs
in the states of California, Connecticut, Massachusetts, New York,
Rhode Island and Washington. All of these states have pending
legislation on packaging reform.
6 This help from the APC in
27
initiating recycling projects includes involving schools, curbside
programs or drop-off centers in these states 7 with the APC
subsidizing the collection costs. The APC is then sending some of
the drink boxes to plastic lumber manufacturers where they are
ground up and encased in plastic wood. The economies in
manufacturing plastic wood from these packages is marginal at best
and the markets are limited. This type of
"recycling"
is not a closed
loop process 6 and is not supported by environmentalists.
As with recycling programs for other types of packaging,
successful recyclability of laminated paperboard packages depends
on high volumes for economic viability. No matter how eager a
school or community might be to recycle laminated paperboard
structures, cooperative waste handlers and recycling companies are
needed for new programs to prosper. Outlets for the secondary pulp
to be converted from post-consumer packaging like milk cartons and
aseptic drink boxes is also necessary. 7
Everyone agrees that the paper in aseptic packages can be
separated from the plastic and aluminum and can be recycled (fig.
1 1 ). With paper representing about 70 percent of a juicebox, that
means the boxes are largely recyclable using existing technology. 8
According to APC, it is recyclable but the cost is relatively high for
the amount of material recovered. 2 "Very little recycling of any
kind is economically the same
everywhere,"
says APC's Marshall





































































Tetra Pak's (Europe) products are threatened following
discussions over strict EC regulations for recycling of packaging.
As a result, Tetra Pak has started a recycling test plant in Diez
Germany. This plant uses packaging waste from households. A
second is planed for the Netherlands. The process involves a method
of tearing down the packaging into small pieces that are flattened
into plates that are used as construction material. This plant will
show whether it is economical, ecological and technically possible
to manufacture construction materials from old drink packaging. 9
In Spain, 6.0% of aseptic packages sold are being recycled. The
package materials are separated at Nesa in Valencia, Spain which
turns the paper pulp into kraft paper for cement bags, and the
plastic residue goes to Fatec in Mentrida, Spain that is carrying out
trials for injection molding. 10
2.3.5 LEGAL BATTLES OUER THE RSEPTIC PHCKAGE The legal
battles over the juice box include legislation from Maine banning the






the package. Maine's primary concern in passing the packaging
legislation was to promote recycling. 2 Maine's law banning the sale
of juice products packaged in aseptic drink boxes was enacted in
1 989 and took effect September 1 , 1 990. The law was based on the
states claim that the packages could not be recycled. ] 1 Several
other east cost states are reviewing proposed legislation for bans
on the aseptic package because of the APC claim of easy




that drew the attention of ten states attorneys
general. 2
Both sides in the Maine dispute agree that if the ban on the aseptic
package is lifted, the containers should be recycled. The
disagreement is over to what extent the containers should be
recycled. This issue continues while the legislature struggles to
balance a series of difficult environmental, technical, economic and
political issues posed by the package. The debate centers around not
on whether the cartons can be recycled, but how far industry should
go to promote recycling, not on whether the cartons can be recycled.
If the aseptic package is to be legalized, the legislature has
proposed that a deposit be given as an incentive for consumers to
return the empties. However, the Natural Resources Council of Maine
wants the deposit included on other polycoated containers.
Otherwise juiceboxes and other multimaterial would "displace
returnable containers because of their economic
advantage"
and
weaken the state's bottle law.
Based on experience in Maine before the juicebox ban, officials
predict that reintroducing them would produce 1 60 tons of waste
annually. By all accounts, the reintroduction would not produce
enough waste to make recycling commercially viable. By
comparison, Maine recycles about 75% of the juice containers now
covered by the bottle law.
8
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In New York City, officials charged, "Tossing a single-serving
package in the trash after one use seems to convey the wrong
message". Steven Romalewski of NY Public Interest Group (Ralph
Nader offshoot) said
"
the drink box is one of the most glaring
examples of the throwaway society".
A coalition of environmental groups is pushing for legislation in
approximately a dozen states to cut the estimated 30% of trash from
packaging with provisions to increase markets for recycled items
and ban those that don't recycle. These juice box critics want
government action to develop more use of refillable containers as
replacements for the juiceboxes. 1 By working together, states and
environmentalists won a $75,000 settlement from the makers of the
drink boxes because of ads that said the boxes were as easy to
recycle as newspaper. It was shown that only 200 recycling
programs in the U.S.A. can separate the plastic, aluminum and paper.
"A few pilot programs does not an effective recycling program
make,"
says Richard Denison of the Environmental Defense Fund. 12
Internationally, the tide against the aseptic package is growing.
The Dutch government has formed a packaging covenant to deal with
domestic waste disposal. Dumping is to be reduced, eventually to
zero. The weight of aluminum foil used in aseptic beverage and
dairy products will be cut by 1 4%. A research program to replace
composite foil materials with single-material packaging was
started. 1 3 In 1 991 , the Japanese government issued a series of
"recommendations"
to encourage industry and consumers to use
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fewer packaging materials, to accept more returnable containers and
easily recyclable products. This has resulted in the increased use of
these two packaging systems:
1 ) Rigid paper packages with flexible plastic pouches inside,
so the consumer can easily separate the items to recycle the
paper and incinerate the plastic.
2) Composite packages made of plastic laminated paperboard
(no foil) that are recyclable in modified hydrapulpers that
separate and eliminate the plastic. 14
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2.4 CANDIDATE MATERIALS
2.4.1 CELLOPHANE Soluble cellophane was first developed in the
U.K. in 1892 and first commercially produced in the U.S.A. by DuPont
in 1 924. Cellophane is made of regenerated cellulose that has
excellent clarity, is easily machined, has good tensile and impact
strength. It is a good substrate for coatings and laminations
because it does not soften with heat and has a smooth surface. It is
soluble in water, will not heat-seal to itself, tears easily when
notched, if uncoated and is a poor moisture-barrier.
]
PVDC coated cellophane is used for coffee pouches in Japan. 2
The PVDC coated cellophane is considered repulpable. 3
2.4.2 GLASSINE Glassine is a machine finished paper that is
manufactured by a prolonged beating of wood pulp, hydrated then
pressed and dried in a paper machine with super calendering to give
it a smooth surface. "!
Glassine's recyclability is generating a lot of renewed interest in
this 60 year old material for use in flexible packaging, because
glassine is paper, that is recyclable and biodegradable.
4 Glassine
will accept wet-strength treatment and is suited for coating and
laminating with a fine printing surface. Packaging with glassine
alone or in combination with other materials depends on the need for
barrier protection, cost and recyclability. The largest growth area
for glassine has been as the environmental alternative for envelope
windows, replacing synthetic films.
5
36
2.4.3 PUDC Polyvinylidene Chloride (PVDC) is a semi-crystalline
polymer that is processed from a latex, lacquer or melt extrusion.
The latex process has an aqueous anionic or acid dispersion of
spherical particles that fuse to form a continuous film after the
water has been evaporated. Latex PVDC is widely used as coatings.
Lacquer PVDC has a problem because it contains a solvent
tetrahydrofuran that is difficult to remove. Extrusion PVDC has
copolymers which contain vinylidene chloride and vinyl chloride. 6
2.4.4 COATINGS A study conducted by Miami University of Ohio's
Paper, Science and Engineering Department concluded that, in
general, water-based coatings do not affect the repulpability of
paper products. The study used a TAPPI/British disintegrator that
simulates the hydrapulper by repulping material with distilled
water.
The water-based coatings are repulpable because they partially
redisperse in heated water. These redispersed solids have a high
affinity for water in the Hydrapulping process than they do for paper
fiber. As a result, the solids from the coatings remain with the
water when it is drained from the fiber on the wire of the paper
machine. 6
The added environmental bonus for water-based coatings is that
they contain no volatile organic content.
]
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2.4.5 METALLIZATION CONCEANS Metal deposition is carried
out in a batch operation, in which film (normally biaxially oriented
polypropylene or polyethylene terephalate) is coated with aluminum
as it transfers from one roll to another in a high-vacuum chamber.
Aluminum is first put into an electrically heated crucible. There it
is either vaporized by thermal evaporation or under bombardment
from an electron beam gun. It then condenses onto the film as the
film passes over a chilled drum. 3
According to Eva Peters, packaging development group leader at
Nabisco, the problem of using metallized substrates in food
packaging, is the difficulty of doing small-particle metal detection
on-line. Add to this the problem that the ultimate consumer's
perception that the metallized material is environmentally
unfriendly. This is because metallization is perceived to be the
same as foil, which is difficult to recycle or incinerate, 7 despite
the fact that the typical coating thicknesses of 50 nanometers are
too thin to affect recycling. Until recently, the use of metallized
film was growing by 1 5 to 20% per year worldwide. 8
2.4.6 FLEHIBLE GLRSS
2.4.6.1 FLEXIBLE GLASS OVERVIEW Silica coated films SiOx and
Si02 are generally refereed to as "glassy
barriers"
that provide
excellent barriers to moisture, oxygen and solvents. 9 Silicon oxide
can be used in flexible packaging, because when applied in its
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typical coating thickness of millionths of millimeters, it takes on
the nature of flexible packaging. 8 Silicon oxide coatings are not
sensitive to moisture, give and excellent barrier to oxygen and
moisture, and are applied in extremely small amounts to base
films.9
Silicon oxides used for barrier applications are referred to as
Si0x rather than SiOi or Si02- This manufacturing process yields a
mix of silicon oxide and silicon dioxide. This means the number of
atoms of oxygen per molecule averages between 1.5 and 1.8, rather
than 1 or 2. The source is usually silicon monoxide or SiO.
Pack Alimentaire center on silica coatings for high-barrier rigid
and flexible packaging reports that unlike most multi-layer barrier
structures, the silica-coated materials are expected to recycle
easily. These films are potential replacements for foil and
metallized films used in multimaterial laminations. 7 The
recyclability of these films is based on the recyclability of the base
materials, which is usually PET, LDPE, BOPP. 9
The challenge is to bond the glass material silicon oxide to
plastic films in order to take advantage of the excellent barrier
properties and environmental neutrality of the silicon oxide. This
will be done using new technologies and by modifing existing




There are three basic methods to deposit silicon oxide films onto
a variety of film substrates, these are: Chemical Plasma Deposition
(CPD), Sputtering and Electron Beam or Evaporation. 9 In all three
processes, a high vacuum condition is used in the units, because
silicon oxide moves from a solid to gas state with-out becoming
liquid in the vacuum. The development of high-powered electron
beam guns and plasma deposition systems brings this process to the
commercial stage. 8
2.4.6.2 COATING PADCESSES
2.4.6.2.1 Evaporation Evaporation (fig. 12), is also referred to as
vapor deposition and electron beam (EB). This is the method used to
apply vacuum metallized aluminum to flexible substrates and
therefore is the process most widely used to develop SiO coatings.
In a vacuum chamber, SiO or Si02 is heated up in a crucible by means
of either a resistive heater or and electron beam gun. If SiO is used,
oxygen gas must be added to increase the x in SiOx to greater than
1 .0. As the material evaporates, it condenses on the film that is
passing above the crucible. A chilled drum is used under the film to
reduce the heat on the film to be coated because the process
generates such high heat on the material web. 9
In Europe, 4P Ronsberg Films has developed a special coater, the
Silamentator, that vaporizes silicon monoxide onto the carrier film.
This takes place in a twin chamber high vacuum coater at a
temperature of 1
400
C under a vacuum of 1 0-4 bar. The coated film
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then passes over a cooling cylinder. It can be reverse printed on the
coated side or direct printed on the substrate prior to lamination. 1 1
2.4.6.2.2 Sputtering Sputtering (fig. 13), is another method of
applying thin film coatings. A chilled drum is used because the
process generates a high heat load on the plastic. The sputtering
target is made of silicon. There are magnets behind the cathode .
The cathode is connected to a DC power source. Oxygen and argon
gas are flowed into the system. The gas mixture is ionized, creating
positive ions which are attracted to the negatively biased cathode.
The argon ions bombard the silicon cathode, dislodging silicon atoms
that are deposited onto the film below. 9
2.4.6.2.3 Chemical Plasma Deposition (CPD) CPD process (fig.
14), occurs at low temperatures and does not require a chilled drum,
that makes it easier to deposit thin films on heat sensitive
materials with low energy. CPD is a chemical process in which SiOx
coating is grown on the film. The silicon oxide thin film is derived
from gases flowed into the vacuum chamber. The gases include a
silicon based monomer oxygen, and helium. Applied power creates a
plasma that activates the oxidation of the silicon based gas,





























The plasma discharge method involves vaporizing a chemical from
its liquid state, introducing the chemical into a vacuum changer, and
subjecting it to an electric charge. The electric charge causes
electrons to be ejected, creating ions and starting a chain reaction
to generate more charged particles. The ions of gas in the plasma
are attracted to the negatively charged surface in front of the
substrate to be coated. The force is sufficient to deposit the
chemical onto the substrate surface and build up a thin coating atom
by atom.
PC Materials of Bethel, P.A. reports that the low temperature
plasma process can be used to modify surfaces. It permits the
economical treatment of more temperature sensitive materials like
plastic, rubber, cloth and paper. Cold plasma or low temperature
plasma state is referred to as "glow
discharge"
and is ideal for
flexible glass packaging films.
9
According to Adam Rizika, development manager at Airco Coating
Technology, a company that has completed joint research with
Hoechst Celanese Corp. into the merits of these three most likely
vacuum deposition methods for glass coating. The clear winner is
CPD, both from a cost and a performance standpoint and because CPD
does not leave a yellowish tint that's characteristic of evaporation
deposition, which is critical to some applications.
12
2.4.6.3 ADUANTAGES Siox coated packaging films used as
laminate layers offer superior oxygen, water vapor and aroma
43
barriers, challenging plastic films and laminates including PVDC,
metallized layers and aluminum foil (fig. 1 5). The films can be
transparent or opaque and the silicon-coated side of the film can be
laminated to a variety of flexible materials.
1 1
2.4.6.4 PROBLEMS RND LIMITATIONS The cost of SiOx coatings
or flexible glass are still high at $1 02/lb when compared to
aluminum at $5.50/lb and the actual coating cost is approximately 1
6 in favor of aluminum. The cost is declining as development
continues, it was at $340/lb early on and dropped to $1 70/lb in
1991 and fell to $1 02/lb in 1992. 8
A typical state-of-the-art metallizing line runs at 1 500
tol 800 ft./min. which yields finished material costs at $.10/1 000
sq. in., while the pilot SiOx coating lines run only from 80 to 300
ft./min. which yield $.36 to $.80.
Some SiOx coated films can lose up to 50% of their barrier in
handling because the coating is so fragile.
4
2.4.6.5 MOLTI-LRVER SiO FILM OSERS In Japan, more than 50
brands are now using SiOx coated films for retort and stand-up
pouches and lidding materials. These films are evaporation coated
on PET and other polymer based films and used in laminating with
additional films to improve properties other than gas and moisture
barrier. 13 (fig. 16)
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Silicon oxide-coated PET comes closest to










Oxygen permealion cc in
'
- 24 hrs atm
10 100
Soun:tis; Haiti Irani \nnou: nupphor
Figure 1 5
45
In the U.S.A., Nabisco is working to replace some of their
metallized film, foil and PVDC laminations with Silica-coated films
(5). Proctor and Gamble is extensively testing SiOx coated films. Ed
Fox, Associate Director of Corporate Packaging at P&G, says that
"the film can replace foil in many uses".
4
SiOx coated films are being used in Europe with applications in
food products like cheese and fruit drinks. 10 Switzerland's Bell
Meat Products has replaced a foil-containing retort pouch with a
multimaterial lamination containing a Siox evaporation coating and
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The foldcan was patented May 1 2, 1 959 by Boye Benzon-Peterson
of Akerlund and Rausing a Swedish company. It was described as a
paperboard carton that is air and powder-tight as well as moisture
proof for the use of "pulverulent and like material". An entire
packaging system was developed around this package that includes a
safety shield or membrane to seal the top and bottom opening of the
carton, equipment to erect and load product into the carton that
seals the package with the membranes before finally gluing closed
the top and bottom flaps of the carton.
Riegal Paper Corporation was the primary U.S.A. licensee of the
system that registered the name Foldcan after making improvements
in the design to achieve greater protective characteristics and
improved appearance.
In 1 969, Polaroid was looking for a new type of package for a new
type of instant film, called integral instant film (SX-70). The new
package needed to meet the environmental needs of the time by
reducing litter. Polaroid was under increasing pressure by the
National Park Service to reduce litter from its peel-apart films and
packaging, that was scattered throughout many of the parks, or run
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the possibility of being banned. The SX-70 film itself answered
some of the environmental concerns and it was hoped that a
packaging system like the Foldcan could be used to reduce multiple
component barrier packaging to one finished component that the
consumer could dispose of easily.
3.2 HODJ THE FOLDCRN WORKS
The carton blank (fig. 1 7) is configured with a fifth panel plus an
extension that acts as a glue flap, and end-closure flaps attached to
opposite ends of each width panel. There are the usual score lines
on the blank at the junctions of the side panels and end-flaps to
indicate where the folds are to be made upon erecting the carton
from the knock-down position.
One of the key features is a series of cuts that terminate a short
distance from the score lines on the end closure flaps of adjacent
side panels (fig. 1 8). This termination causes tears along a line
extension between the flaps down to the score line when the flaps
are turned outward at right angles toward the side panels during
erection on the equipment. This tearing exposes fibers of the
paperboard or
"tufting"
at the corners of the erected carton. When
the membrane is heat sealed across the open ends of the carton.
With the flaps turned outward, the seal layer of the membrane and
carton flow together into the tufting thus providing a seal at the






The second key feature of the foldcan is skiving of the fifth panel
extension that removes 50% of the paperboard. The extension is then
rolled back onto itself (fig. 1 9) to create a foil to foil bond that
seals off the cut edge of the carton from the inside of the package.
This prevents the wicking of moisture into the package.
3.3 FOLDCRN RECYCLING
Two potential methods of recycling the Foldcan laminate are: 1)
Repulping into new multi-use paperboard, or 2) Remanufacturing the
Foldcan into special water-resistant multi-ply paperboard or
extruded plastic lumber.
To repulp the Foldcan into new multi-use paperboard, a
specialized hydrapulper would have to be used to separate the paper
fibers from the polyethylene and foil layers of the laminate. This
would require segregation of the Foldcans, similar to that of the
aseptic juice package, at both collection points and throughout the
repulping process. This is possible with the aseptic package
because collection programs yielding steady quantities of packages
can be established in schools, curbside programs and drop-off
centers.
The use of the Foldcan by Polaroid does not represent as large of
a consumer market as the aseptic juice box at approximately 85
million units world wide per year vs. the aseptic 1 990, 2.5 billion
units in the U.S.A. alone. This makes the logistics for collection and
separation unlikely. Other attempts by Polaroid to collect the
packages included a trial of Foldcans with return postage for




It is accepted within Polaroid that there is little hope of being
able to collect and or segregate the Foldcan from other types of
paperboard packaging.
Like repulping, recycling the Foldcan into a new material would
reduce the package's contribution to the waste stream. There are
several companies in the U.S.A. which have processes that will
reprocess plastic-coated paper and paperboard after shredding into a
heavy-caliper, water-resistant paperboard product or plastic
lumber. In either case, it would be Polaroid's responsibility to
provide sorted and baled material to these companies. This again
emphasizes the collection and separation problem with this type of
package.
3.4 FOLDCRN RND SOORCE REDUCTION
The Foldcan still provides a barrier package for Polaroid films by
using less material by weight than a multi-component system as
illustrated in the comparison below.
MATERIAL COMPARISON
(Per 1 000 cartons)
FOLDCAN CARTON CONVENTIONAL
WITH MEMBRANES CARTON w/ POUCH




MISC. INKS, COATINGS 1.8 1.9
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TOTAL 28.8 LBS. 36.8 LBS.
Since there is no national law and there aren't any states that
require the collection of paperboard packaging in general the best
that can be done today is to source reduce and increase recycled
content on our packaging. In the future there will come a time when
most packaging will be required by the consumer and legislation to
be collected in some manner for recycling or reuse. To be prepared
for that day, a new multi-material laminate Foldcan that does not
contain foil nor polyethylene and is repulpable, is needed.
3.5 NEW FOLDCAN GUIDELINES
The following are guidelines for a new Foldcan including the
carton laminate and membrane. They were developed using Polaroid
general specifications for the Foldcan and Membrane.
GOAL - The new structure must be repulpable by standard hydra
pulper methods. This excludes the use of any material that might
migrate from any sub-layer to the top layer of recycled paperboard
causing printing problems.
I - BARRIER
The WVTR of the carton, sealed with membranes, shall not
exceed 0.04g / 24 hrs @1
00
F / 90% RH.
To achieve the 0.04g it is assumed that:
a) The WVTR of material tested flat needs to be less than
0.02g / 1 00 sq. in./24 hrs @ 1
00
F / 90% RH.
b) The seal quality of the finished package needs to be less
than lOcc of air flow.
57
II -CONTAMINATION
The material shall not contain radioactivity, aldehydes, or
other contaminants that would cause fogging and/or desensitizing of
the packaged film products.
Ill - LAMINATION BOND
The Z directional bond of all layers must not show a tendency
to de laminate to a degree that would affect the barrier quality of
the finished package, adversely affect the converting of the material
or subsequent product packaging and ultimate customer opening.
IV - CARTON RUN ABILITY
The finished structure must be capable of running on
Polaroid's current packaging equipment. This includes an erection
force of 550g and the glue-ability/sealability of the membrane to
the carton.
V - CARTON APPEARANCE
The package must match the current level of graphics
capabilities, including the level of acceptable score cracking, and
present the same appearance to the customer.
VI - BASE MATERIAL
It is desirable to use recycled paperboard as the base material.






The following review of material candidates, by layer, was
established based on research:
Base Substrate: 1) Solid Bleached Sulfate
2) Recycled paperboard (Anglecote
- a brown
back board from Waldorf Corp. Battlecreek mill.)
Barrier Carrier: 1 ) Glassine
2) Cellophane
3) None
Barrier: 1) Flexible Glass (SiOx)
2) Metallization
Seal layer: 1 ) PVA as a coating and adhesive.
2) Starch based as a coating and adhesive.
3) Water based as a coating and adhesive.
It was decided that all structures to be piloted in the early phase
of testing would include both SBS and Angelcote as base substrates,
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with the SBS acting as a control because it is used in the current
Foldcan.
4.2 LAMINATION WITHOUT CAAAIEA
The best lamination would be one that contains as little material
as possible to meet the environmental goal of source reduction. This
has lead to the study of applying the barrier material directly on the
paperboard substrate without a carrier layer:
Paperboard + Metallization + Seal layer
and
Paperboard + SiOx + Seal layer
4.2.1 METALLIZATION Through discussions with several
metallizers, it has been determined that whether the metallization
was applied through vacuum deposition of the aluminum or direct
transfer, it would not provide a quality barrier layer. The
paperboards irregular surface of peaks and valleys created by its
fibers does not allow for a smooth uninterrupted coating of a barrier
material.
4.2.2 SiO COATING According to Harley Allison of PC Materials
in Bethal PA., the SiOx requires a carrier film and cannot be coated
directly onto paperboard today. In the future, it could be applied
directly but the irregular surface would pose a problem in obtaining
a smooth and even coating that is essential in providing a good
barrier.
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4.2.3 CONCLUSION is that a carrier film is needed to laminate a
barrier material of metallization or SiOx to paperboard.
4.3 STAUCTURE WITH REPULPRBLE CHRRIER
There are two carriers that were determined to be candidates for
the repulpable Foldcan; glassine and cellophane.
4.3.1 GLRSSINE As stated earlier, glassine is a super calendered
paper that suggests that it would be repulpable. Most glassine
produced today for use in packaging is not just paper fiber, but is
also coated with either a wax or polyethylene. These coatings are
not considered repulpable because they ball up, and melt within the
filler layer of recycled paperboard, then migrate to the top surface
of the finished sheet and cause
"stickies"
or "hickies".
Samples of uncoated glassine were obtained and metallized for
WVTR testing. The WVTR testing was conducted at 90% RH, and
1
00
F. The results were so poor that the numbers were too high for
the test equipment to register. As a comparative follow-up, poly-
coated glassine samples were metallized and WVTR tested with
results at 2.0 gm/100 in2/24 hours.
4.3.2 CELLOPHRNE Research conducted showed that cellophane as
a cellulose based material with a smooth surface, is ideal for
laminations. To meet the repulpability requirement, the cellophane
would have to be pure without any coatings unless they were water
soluble and could be washed out of the fiber in Hydrapulping.
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The repulpability need excludes the use of nitro-cellulose which
is a lacquer coating containing an ester polymer from nitric acid and
which is commonly used as a coating on conventional cellophane.
A commercial grade of cellophane with polyvinylidene chloride
(PVDC) coating is available for metallization which will meet the
repulping requirement. The repulpable PVDC coating is latex-based
rather than lacquer-based.
4.3.3 CONCLUSION Glassine is not viable as the carrier because
to obtain material that is smooth enough for the overlay of the
barrier material, it must be coated with a non-repulpable material.
However, there are repulpable forms of cellophane which can be
supplied for use as a carrier for the barrier material.
4.4 BRRRIER MATERIAL
There are two barrier materials that are candidates for the
repulpable laminate, metallization and flexible glass (SiOx).
4.4.1 METALLIZATION Metallization of a repulpable film is a
possibility depending upon the overall thickness of the metal
deposited on the film. Per Waldorf Corporations recommendations
on repulping in a hydrapulper: if the thickness is greater than 3 lbs.
per ream it may clump and clog the filters or make its way into the
filler layer of the recycled paperboard in flakes. This could set off
metal detectors in companies that check their packaged products in
the package for metal contaminants.
62
4.4.2 FLEHIBLE GLASS fSiOJ SiOx holds the most promise for a
barrier material which will easily repulp without any concerns
about contaminating the hydrapulper or the finished recycled
paperboard.
Of the three processes, previously mentioned, used to coat a
substrate with SiOx, the chemical plasma deposition (CPD) process
offers the best solution to coating a repulpable material because of
the low temperatures used. These low temperatures will help keep
the carrier from drying out and becoming brittle during the coating
operation, that guarantees a more stable barrier.
Evaluations of SiOx coated PET/PP supplied by Toppan of Japan
showed WVTR results of 0.02 gm /1 00 in2/24 hours. Piloting and
testing of a SiOx coated repulpable carrier needs to be performed
to determine if it can match these results.
PC Materials of Bethal PA. will be prepared to produce CPD
coatings on the repulpable materials discussed by the end of 1 993.
4.4.3 CONCLUSION Metallization is a viable barrier, but testing
will have to be conducted to evaluate whether the thickness of the
metal coating or the properties of the carrier will lead to breakdown
problems in the hydrapulper in the repulping process or problems
with the finished paperboard.
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CPD coating of SiOx may be the best option long term. With the
possibility of piloting of SiOx unavailable until late 1 993, two
separate paths of development should be followed in sequence. The
first would be testing of a metallized structure to determine other
aspects of a repulpable lamination, including lamination bond,
sealability and machineability of the Foldcan carton and membrane.
The second path would be to replace the metallized layer of the
finalized structure in the first path, with SiOx when that material is
available for piloting.
4.5 SEAL LAYEA
The seal layer of the carton laminate must match the seal layer
of the membrane to ensure a tight seal. The most important feature
of the seal layer material is the ability to flow, like the current
polyethylene, when the membrane is heat sealed to the flaps of the
Foldcan carton.
Materials considered for this layer include: polyvinylidene
chloride (PVDC), ethylene vinyl acetate (EVA), ethylene vinyl alcohol
(EVOH) and polyvinyl alcohol (PVA).
4.5.1 POLYVINYLIDENE CHLORIDE(PUDC) Advantages include the
addition of a slight improvement in the barrier that is commonly
used as a sealant for trays and lidding stocks. It needs to be
determined if the latex version of PVDC is available and if it can be
easily coated with metal or SiOx while not hindering the repulp
ability of the lamination.
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4.5.2 ETHYLENE UINVL HCETATE (EUR) Is not a material
commonly used by itself to form a heat sealable layer. It performs
best when added to PVDC to improve the flow characteristics for
heat seals or used as an adhesive layer between laminated
materials.
4.5.3 ETHYLENE UINVLE HLCOHOL tEUOH) Not a common seal
material, but requires additonal research because it is considered
repulpable.
4.5.4 POLYUINVL HLCOHOL tPUR) Although this material would
not cause problems in repulping, it is not considered a good sealant
because of a resistance to high temperature.
4.5.5 CONCLUSION During the early trials, the most common
materials will be considered because of availability and cost.
4.6 MEMBHANE STRUCTURE
The goal is to match the membrane structure to that of the best
overall lamination candidate for the Foldcan carton. The difference
in the long run will be to replace the paperboard component with a
bleached machine glazed extensible kraft paper. This is believed to
be necessary to provide some puncture resistance from the film
products sharp edges. During the early trials to control costs, the
paper portion of the membrane will be excluded.
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4.7 PILOT MRTERIRLS
4.7.1 OUERUIEW It is desirable to evaluate each component
separately for its contribution to WVTR and repulpability. When
attempting to perform Mocon WVTR testing on metallized
cellophane, it was found that the cellophane started to break down
(dissolve) and lose the metallized coating altogether. Some of the
individual materials were not available for these tests because the
versions desired were not that common and were special order.
This promoted a change from testing of the individual components
to preparation of a trial run to pilot as many of the combinations as
possible. To perform these evaluations.
These combinations were unique to all the suppliers concerned,
including the basic film suppliers, metallizer and laminator. This
caused a great deal of friction in attempting to pilot new





.01 4 Printcote (SBS) clay coating one sided
Adhesive Modified styrene acrylic @ 2Lbs per 1000 sq. ft.
used as a laminate for the metallized cellophane
Metallized ( 2.2 Optical Density or 135 Angstroms)/
1 Mil cellophane / 1 to 1 .5 Lbs per 1 000 sq. ft.
PVDC lacquer-coated 2 sides
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2) Paperboard - .01 4 Printcote (SBS) clay coating one sided
Adhesive - Modified styrene acrylic @ 2Lbs per 1 000 sq. ft.
used as a laminate for the metallized cellophane
Metallized ( 2.2 Optical Density or 135 Angstroms)/
1 Mil cellophane / 1 to 1 .5 Lbs per 1 000 sq. ft.
PVDC lacquer coated 2 sides
Adhesive - Modified styrene acrylic @ 2Lbs per 1 000 sq. ft.
used to bond 2 layers of metallized cellophane
Metallized ( 2.2 Optical Density or 135 Angstroms)/
1 Mil cellophane / 1 to 1 .5 Lbs per 1 000 sq. ft.
PVDC lacquer coated 2 sides
3) Paperboard - .01 4 Angelcote, clay coating one side recycled
paperboard
Adhesive - Modified styrene acrylic @ 2Lbs per 1000 sq. ft.
used as a laminate for the metallized cellophane
Metallized ( 2.2 Optical Density or 135 Angstroms)/
1 Mil cellophane /I to 1 .5 Lbs per 1 000 sq. ft.
PVDC lacquer coated 2 sides
4) Paperboard
-
.01 4 Angelcote, clay coating one side recycled
paperboard
Adhesive - Modified styrene acrylic @ 2Lbs per 1 000 sq. ft.
used as a laminate for the metallized cellophane
Metallized ( 2.2 Optical Density or 1 35 Angstroms)/
1 Mil cellophane / 1 to 1 .5 Lbs per 1 000 sq. ft.
PVDC lacquer coated 2 sides
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Coating
- EVA 1 to 1 .5 Lbs per 1 000 sq. ft. applied over the
non-metal side (to improve flow of seal layer)
4.7.2 PILOT RESULTS
4.7.2.1 PVDC PROBLEMS 1) The lacquer PVDC coating inhibits a
permanent bond of the metallization to the film, which leads to
delamination between these two layers.
2) The lacquer PVDC will not repulp.
4.7.2.2 WVTR RESULTS Mocon testing of the single layer of





1 . Carrier film is needed to laminate a barrier material of
metallization or SiOx to paperboard. Glassine is not viable as the
carrier because it is not smooth enough to be coated with the barrier
material. Cellophane is a good carrier candidate if a repulpable
version is commercially available, like pure cellophane or latex
versus lacquer-coated PVDC. Metallization as a barrier is viable,
but the amount of metal that will not affect repulpability needs to
be determined. Long term, the barrier and potential repulpability
properties of SiOx provide the best hope to develop a truly
repulpable lamination. This will not be possible to evaluate until
late 1 993 or early 1 994 when CPD coating of SiOx is available in the
U.S.A. Until that time, development of a structure using
metallization as the barrier layer will be perused to evaluate other
properties of the repulpable lamination.
2. Seal layer candidates require more in-depth study to determine
which of the repulpable materials can provide the flow
characteristics similar to the current polyethylene which is
required to seal the corners of the Foldcan. This may be
accomplished using a combination of materials and coatings like
PVDC and EVA.
3. The membrane requirements need indepth review to provide
puncture resistance as well as a barrier and sealability to the
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Foldcan carton. The current thinking is that a carrier with the
barrier material will be laminated to a material like extensible
kraft paper to meet these requirements.
4. Gaining support of the material suppliers and laminators has been
difficult because of the uncommon materials and laminations
desired. The development of these new Foldcan structures could
have been accomplished much faster and without confusion if set
timelines as well as engineering drawings, specifications on the
raw materials and desired laminations had been provided to the
suppliers. This process should help clear up any confusion and speed
development time as the program continues.
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CHRPTER SIH
RECOMMENDRTIONS FOR FURTHER STUDY
1. Once a metallized lamination is proved to be repulpable, research into
how the new structure will perform the intended use as a barrier package
will be conducted.
The data will utilize all Polaroid test results including: WVTR data, seal
quality data, photocontamination data, lamination bond data, machinability
data and package performance data. All suppliers data related to the
performance of the materials that affect the packages performance and
manufacturability and repulpability will be included.
Data will be generated and recorded in accordance with ASTM,
TAPPI, other industry standards and Polaroid corporate specifications and
test procedures. These procedures include :
1 . Polaroid Specification #F-1 3004 on the Foldcan carton.
2. Polaroid Specification #F- 1 3002 & 1 3003 on the top and bottom
membranes.
3. Polaroid Incoming Inspection
#IN- 003 on the Foldcan carton.
4. Polaroid Standard Test Method #F-00-0488 WVTR testing of a
finished Foldcan.
The research will be conducted on Polaroid 600 square format integral
film. Other formats will be conducted outside of this study. Test Data
generated for this study will be done using only North American converters.
All package machinery evaluations will be conducted at Polaroid's R2
manufacturing facility in Waltham, Massachusetts.
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